Aims. The amount of interstellar matter in a galaxy determines its evolution, star formation rate and the activity phenomena in the nucleus. We therefore aimed at obtaining a data base of the 12 CO line and thermal dust emission within equal beamsizes for galaxies in a variety of activity stages. Methods. We have conducted a search for the 12 CO (1-0) and (2-1) transitions and the continuum emission at 1300 µm towards the centers of 88 galaxies using the IRAM 30 m telescope (MRT) and the Swedish ESO Submillimeter Telescope (SEST). The galaxies are selected to be bright in the far infrared (S 100 µm > ∼ 9 Jy) and optically fairly compact (D 25 ≤ 180 ). We have applied optical spectroscopy and IRAS colours to group the galaxies of the entire sample according to their stage of activity into three sub-samples: normal, starburst and active galactic nuclei (AGN). The continuum emission has been corrected for line contamination and synchrotron contribution to retrieve the thermal dust emission. For the latter we have determined the radio spectral indices of the individual sources and extrapolated the synchrotron emission corresponding to our millimeter beams to 1300 µm. Results. We present new observational data for the 12 CO (1-0) and (2−1) transitions and the thermal dust emission at 1300 µm for 88 galaxies. In conjunction with our previous data, the new observations are used to compile an updated catalogue for a total of 160 galaxies.
Introduction
Activity in galaxies is a rather common phenomenon. It happens foremost in the galactic centers and originates either from a starburst (SB) or an active galactic nucleus (AGN) . By definition, a galaxy is active when it produces a high luminosity in a small volume, say, more than 10 10 L from a region 100 pc across. But such a criterion is hard to apply observationally due to the distance of the galaxies, their general obscuration by dust and the poor resolution in the far infrared where the spectral energy distribution usually peaks.
Alternatively, one regards the efficiency for converting interstellar gas into luminosity as an indicator of activity. The mass of interstellar gas, M gas , is a fundamental parameter that obviously has a great influence either on the rate of star formation or on the fueling rate of an AGN and it can, like the luminosity, in principle, readily be measured.
The 12 CO luminosity is believed to measure the molecular gas content. Several studies indicate that the ratio of FIR-to-CO luminosity is enhanced in starbursts (Sanders et al. 1986 ) and in Based on observations collected at ESO, La Silla, Chile, and IRAM, Pico Veleta, Spain.
Appendices A and B are only available in electronic form at http://www.aanda.org interacting galaxies Solomon & Sage 1988; Combes et al. 1994) , and is, on the average, twice as large for FIR-selected galaxies than for a volume limited sample (Sage 1993) .
More than a decade ago, we also set out to investigate whether the ratio L IR /M gas is indeed a proper discriminator for activity. To make the analysis more trustworthy, we employed as an additional and independent tracer of the gas mass the millimeter dust continuum. Moreover, we used both millimeter 12 CO lines and aimed at determining the dust and 12 CO emission in identical beams directed towards the galactic centers. An important by-product of such an approach was the extension of the continuum spectral energy distribution to millimeter wavelengths and the derivation of the dust temperature of the coldest interstellar component.
We present new observations of the 12 CO (1−0) and (2−1) transition and 1300 µm continuum emission measurements. The new data are tabulated together with our old ones in order to present an updated and coherent catalogue. In the following sections, we describe the observational setups, the data reduction and how the galaxies are classified according to their activity stage. We show the new 12 CO spectra and the corresponding line parameters. Furthermore, we list the 1300 µm continuum flux densities. A detailed analysis of the data will be given elsewhere (Albrecht et al. in prep) .
Galaxy sample
This paper is a continuation of our previous efforts (Chini et al. 1995 (Chini et al. , 1996 Krügel et al. 1990 , and references therein) in a comparative study of two samples of galaxies. The galaxies of both samples are a) bright in the far infrared with IRAS flux densities S 100 µm > ∼ 9 Jy and b) optically fairly compact with major optical axes D 25 ≤ 180 . Note that because of misclassifications, we had to remove 4 objects from the original lists: UGC 3490 is a galactic H ii region, ESO 494-G1 and ESO 430-N22 are galactic reflection nebulae and NGC 4634 is a dwarf galaxy.
The members of the first sample were all Markarian Galaxies. By the very way they were selected by Markarian (blue compact core, emission lines), they should be active in some way. The second sample was originally named Inactive or Normal because we thought that its 113 members were all inactive or normal spiral galaxies. Later it turned out that among them there are 24 H ii galaxies, 7 Seyfert galaxies and 7 LINERS. The 47 Markarian Galaxies comprise 18 H ii galaxies, 12 starbursts, 3 LINERS and 14 Seyfert galaxies (note that galaxies may have multiple activity classifications).
As we wish to classify all objects according to their activity and as our two historical samples (Markarians and normal galaxies) do obviously not provide a reliable separation, we have reevaluated the activity status of all galaxies. The new classification is based on optical spectroscopy as acquired from the NASA/IPAC Extragalactic Database (NED) 1 and, if optical spectroscopy is not available, on IRAS colours.
The relation between IRAS flux densities and dust temperature components is still under debate; in many objects one faces a mixture of various heating sources (SB/AGN). Also the origin of the energetic photons can often not be determined because of the re-processing by dust grains. However, Coziol et al. (1998) found, although the scatter is large, that the IRAS colour α(60, 25), where α(λ 1 , λ 2 ) = log(S λ 1 /S λ 2 )/ log(λ 1 /λ 2 ), is a fair indicator of activity: starbursts are characterized by a colour α(60, 25) between −1.9 and −2.5, inactive galaxies have α(60, 25) < −2.5 and for AGNs α(60, 25) > −1.9. A common colour combination is α(60, 25) versus α(25, 12). Galaxies of type Sy 1 with α(60, 25) > −1.9 also have α(25, 12) < −1.5 which separates them from type Sy 2. We apply these limits in those cases where no optical spectroscopy data are available.
We have revised the classification of all galaxies on the basis of the most recent results. Instead of the two historical samples (Markarians and normal galaxies), we now have three samples: AGN, starburst and normal spirals. In the new classification, memberships may have changed. For example, three Markarian Galaxies for which we did not find anything published concerning their activity (besides being listed in the Markarian catalogue) now belong to the normal spiral sample because we concluded that their activity should be very moderate. Figure 1 shows the IRAS colour−colour-diagram of the new samples. Their overlap in the figure clearly shows that the IRAS colours do not always corroborate the optical classification.
Including our new observations (see below), we have altogether obtained 12 CO and/or 1300 µm continuum measurements for 160 galaxies. α(25, 12) showing the distribution of the normal, starburst and AGN sample. An open symbol denotes that the object was in the historical Markarian sample, a filled symbol that it was in the historical (inactive) normal galaxy sample. The horizontal dividing lines are drawn according to the classification of Coziol et al. (1998). activity and morphological type of all galaxies for which we obtained 12 CO line and/or 1300 µm continuum measurements. As the observations will be interpreted in the context of IRAS data, the measurements were pointed towards the positions of Fullmer & Londsdale (1989) as given in Table A.1.
The AGN sample
The AGN sample comprises 24 galaxies of which 21 are classified as Seyferts (Sy 2: 16) and one as narrow emission line galaxy (NELG, ESO 244-G12). The remaining two objects (NGC 2532 and NGC 4418), although no optical observations indicating the existence of an AGN have been reported, are included because of their IRAS colours (α(60, 25) > −1.9). Although of the 22 galaxies optically classified as AGN, only 7 or 32% have α(60, 25) > −1.9, this does not invalidate the flux ratio α(60, 25) as an activity indicator, it only shows that the relation is crude. Indeed, the average colour of all AGN is −2.2 and thus falls into the starburst range of Fig. 1 , but only four sources (MRK 1034 , MRK 1183 , MRK 1066 have colours typical of normal spiral galaxies.
The starburst sample
The sample of starburst galaxies contains 85 objects of which 56 show spectroscopic (optical) signs of enhanced activity: 42 H ii galaxies, 12 starbursts and 10 LINERS (note than an object may have two classification tags). The IRAS colours α(60, 25) of the remaining 29 galaxies without optical classification lie between −1.9 and −2.5. Of the 56 galaxies with optical activity, 41 also have α(60, 25) values typical of starbursts.
The normal spiral sample
The normal spiral sample contains all galaxies which show neither spectroscopic signs of starburst activity, nor of an AGN nor colours α(60, 25) above −2.5. There are altogether 51 objects, among them are 3 Markarian galaxies.
Observations and data reduction

CO lines
The 12 CO (1-0) and (2-1) line transitions were observed at the IRAM 30 m telescope (MRT) between 1996 and 1998 and at the Swedish ESO Submillimetre Telescope (SEST) in 1997.
At the MRT, we used the 1 mm and 3 mm SIS receivers simultaneously with beam sizes of 24 and 12 , respectively. The secondary mirror was wobbled at 0.5 Hz with an amplitude of ±120 . We adopted a main beam efficiency of 0.68 at 115 GHz, and of 0.41 at 230 GHz. Towards six galaxies (MRK 281, MRK 297, MRK 323, MRK 759, MRK 928 and NGC 2532) , we have obtained five-point raster maps with a spacing of 22 in RA and Dec. For NGC 5713, a hexagonal sevenpoint raster map was acquired where all points have a radial spacing of 22 from the center position.
At the SEST, the beams sizes at these frequencies were 45 and 24 and the respective main beam efficiencies appropriate for point sources were 0.71 and 0.51. The dual channel 115/230 GHz SIS receiver was used. The beam separation was 11 45 in azimuth in dual beam switching mode.
All spectra were reduced using the CLASS 2 software package (Buisson et al. 1997 ).
1300 µm continuum
The continuum observations at the MRT were performed in March 1997 with the MPIfR 19-channel-bolometer array and in February 1998 with the MPIfR 37-channel-bolometer array, always with 11 spatial resolution. The beam separation was 70 in azimuth to avoid contamination of the reference beam by flux from the outer parts of the galaxy (see Chini et al. 1995 , for observing details). The continuum data have been reduced using NIC 2 . At the SEST, the continuum observations were carried out in 1997 using a single channel bolometer of the MPIfR. A dual beam switching mode with a separation of 120 was applied (see Albrecht et al. 2004 ).
Results
CO lines
We obtained new 12 CO line observations towards 22 galaxies at the MRT (normal: 2, starburst: 17, AGN: 3), and towards 27 galaxies at the SEST (normal: 11, starburst: 14, AGN: 2). Together with our previous observations, we now have 12 CO data for a total of 130 galaxies ( Table A .2. In some cases, a decomposition into two or even three Gaussians was necessary and then the fit parameters for all components are listed; I CO always refers to the total of all components. New data are typed boldface.
Fig. 2. Velocity-integrated
12 CO (1-0) intensities of the three galaxy samples as a function of absolute projected beam-radius. When a galaxy has been observed both at the SEST and the MRT, the data points are connected by a straight line. Figures 2 and 3 show the velocity-integrated intensities of the 12 CO (1−0) and (2−1) transitions as a function of the galactic radius as determined by the linear size of the telescope beam, r beam , at the distance of the galaxy. No trend is discernible in Fig. 2 among the galaxy types. However, in cases where a galaxy has been observed with different beam-sizes, data points are connected by a solid line and in these sources the molecular emission is clearly concentrated towards the center (the only exception being UGC 2627). It is also evident that for small radii the gradient is, on average, steeper than for large radii. Though less pronounced, similar conclusions hold for the (2−1) transition (Fig. 3) where the spatial resolution is twice as high. In most cases, I CO again decreases with r beam , however, in four starburst galaxies (MRK 1088, MRK 769, MRK 332 and NGC 1482) it rises. A likely explanation would be molecular rings or bars. Two normal spirals (NGC 935 and again UGC 2627) have a nearly flat radial gradient.
For fixed radial intervals, there is a general trend that starburst galaxies have, on average, higher values of I CO than normal galaxies, while AGN are intermediate.
1300 µm continuum
We observed the 1300 µm continuum towards 56 sources (normal: 15, starburst: 34, AGN: 7) and detected 42 with a signal-tonoise ratio S /N ≥ 3 (normal: 11, starburst: 25, AGN: 6). For 23 of them, we also obtained new 12 CO data. The 1300 µm flux densities are given in Table A .3 together with the 1σ statistical error of the measurement. The absolute errors due to systematic uncertainties and including calibration are greater and typically amount to 20%. New data are typed boldface. Combined with the data already published, our new catalogue contains 1300 µm continuum measurements towards the centers of 148 galaxies (normal: 45, starburst: 80, AGN: 23).
Contamination of S 1300 µm by line emission
The 1300 µm bolometers have a bandwidth of roughly 50 GHz and the continuum flux densities therefore are affected by contamination of the 12 CO (2−1) line. Following Braine et al. (1995) , we calculated the ratio of line-over-total flux density for those galaxies where we simultaneously obtained 1300 µm continuum and 12 CO (2−1) line measurements with the same beamsize (for details on the procedure see also Albrecht et al. 2004 ).
The resulting values from both telescopes are shown in Fig. 4 as a function of r beam . For a few galaxies, the 12 CO (2−1) line contributions could be determined simultaneously from MRT and SEST data; in these cases, the corresponding values are connected by straight lines. The highest line contribution is found towards MRK 281 (79%) and MRK 799 (58%), but usually the values stay below 30%. The least contaminated is UGC 2627 (1% in an 11 beam).
Mean values and standard deviations are given in Table 1 . As evident from Fig. 4 , the scatter is large. The line contribution is greatest in starburst galaxies, normal spirals have mean values about 9% lower, while AGN are intermediate in their average, but with a large scatter. Whenever possible, we correct the 1300 µm continuum flux by subtracting the integrated 12 CO (2−1) line flux. If line and continuum measurements do not refer to the same beam, we use, when possible, the value that applies to a smaller or bigger beam. If 12 CO (2−1) data are absent altogether, we take the mean of the sample (normal, starburst, AGN) according to Table 1 . This procedure is possible as the bolometers at the MRT and the SEST have the same bandwidth of 50 GHz and therefore the line contamination from different instruments can be mixed. The corrected continuum flux densities S cont at 1300 µm are listed in Table A .3.
Contamination of S cont by synchrotron radiation
In active galaxies, synchrotron radiation may contribute significantly at 1300 µm. Unfortunately, synchrotron emission is timevariable and the measurements at cm and mm wavelengths refer to different epochs, and usually also to different beam sizes. To estimate the synchrotron contribution, we searched the literature and databases for radio fluxes. When we found measurements at two or more distinct wavelengths, we determined the radio spectral index α from S ν ∼ ν α , neglecting any contribution from Fig. 4. 12 CO (2-1) line contribution to the 1300 µm continuum measurements versus absolute projected beam-radius. Lower limits are denoted by arrows. In case the line contribution has been determined simultaneously at the SEST and the MRT the values are connected by straight lines.
free-free emission. This was possible for 109 galaxies (normal: 29, starburst: 61, AGN: 19). The α-values are given in Table A .3 together with references to the radio data. When there was only a measurement at one wavelength, we adopted a standard spectral index of α = −0.7. For the normal spiral ESO 346-G22, the radio data by Condon et al. (1998) and Mauch et al. (2003) yield α = 0.53. We disregarded this extreme spectral index as Condon et al. 1998 report a high peak flux density residual, and assumed α = −0.7 instead.
Extrapolating the radio data towards 1300 µm, we obtain the synchrotron flux from the galaxy within the radio beam. As the millimeter beam resolves the galaxy, this result is most likely an overestimate of the synchrotron contribution. To account for this effect, we have estimated the fraction of the total synchrotron emission within the mm beam (11 , 24 and/or 70 ) . For this purpose, we use -where available -the deconvolved Gaussian fit parameters from the NRAO VLA Sky Survey (NVSS, Condon et al. 1998 ) at 1.4 GHz, the Parkes MIT NRAO (PMN) Surveys (Wright et al. , 1996 Griffith et al. 1994 Griffith et al. , 1995 at 4.85 GHz, the 1.425 GHZ Atlas of the IRAS bright galaxy sample (Condon et al. 1996) or the Sydney University Molonglo Sky Survey (SUMSS, Mauch et al. 2003) at 843 MHz.
We restricted this procedure to cases where the projected distance between mm observation and fit position is ≤ 20 . Likely cases of confusion with neighbouring radio sources were also rejected. In three cases, where confusion could be excluded we allowed for larger projected distances up to 35 .
The contribution of the synchrotron emission to the total continuum flux, scaled to the mm beam, is shown in Fig. 5 . For the majority of galaxies, the contamination is less than 10%. Only in the composite starburst/AGN galaxy NGC 7130 (Levenson et al. 2005 ) does the radio flux within 24 when extrapolated to 1300 µm, exceed the observed value. We attribute this to variability in this extremely active object. A very high contribution of 68% is also found in MRK 231, an ultraluminous infrared galaxy, which is also the only known OH megamaser galaxy classified as Seyfert 1 (Richards et al. 2005) . Mean values and standard deviations for the synchrotron contribution are given in Table 2 where NGC 7130 has been excluded from the determination. As already apparent from Fig. 5 , the scatter is large. For 8 galaxies no Gaussian fit parameters are available and, as for NGC 7130, the corresponding mean values are used.
Thermal dust emission
After subtraction of the line and synchrotron contribution one obtains the pure thermal dust emission for which flux densities, S dust , are given in Table A. 3. Of course, as the synchrotron contribution is variable, the corrections may not apply to the epoch of the mm observations. However, the contamination is in most galaxies well below 10% and possible variations would affect the resulting dust emission only marginally.
The dust emission is shown in Fig. 6 as a function of r beam . The data exhibit an increase with radius that is larger at smaller radii (note that r beam is given in logarithmic scale). As for the 12 CO emission, this indicates that, on average, the dust displays a strong central concentration. 
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Appendix B: CO spectra
In the following we present all new spectra obtained at the MRT and the SEST.
Fig. B.1.
12 CO spectra of spirals from the MRT. The (1−0) lines (24 resolution) are plotted solid black, the (2−1) lines (12 resolution) dotted black. In these and all subsequent spectra the ordinate gives the main beam brightness temperature T mb in units of K.
Fig. B.2.
12 CO spectra of MRK galaxies from the MRT. The (1-0) lines (24 resolution) are plotted solid black, the (2-1) lines (12 resolution) dotted black.
Fig. B.3.
12 CO spectra of spirals from the SEST. The (1-0) lines (45 resolution) are plotted solid black, the (2-1) lines (24 resolution) dotted black. Already published data are also displayed for comparison. 
